The gene KIR4.2 (K 1 inwardly rectifying channel 4.2) has been recently identi®ed in the Down syndrome Chromosome Region 1. We have cloned the mouse ortholog of KIR4.2 and characterized its expression pattern. In situ hybridization showed a restricted and developmentally regulated pattern of expression. The expression is starting at E12.5 and expands at E14.5 in different tissues and organs, which may be affected in Down syndrome: heart, thymus, thyroid gland, and perichondrium. At E17.5, additional epithelia (kidney, bladder, stomach, lung) expressed also strongly the gene. q
Results
KIR channels perform functions as diverse as the regulation of resting membrane potential, maintenance of K 1 homeostasis, control of heart rate and hormone secretion (Abraham et al., 1999) . We previously isolated the human KIR4.2 cDNA whilst constructing a transcriptional map of the Down syndrome Chromosome Region 1 (DCR1) by exon trapping and cDNA selection (Gosset et al., 1997) . The human gene is expressed in fetal (kidney, lung) and adult tissues (Gosset et al., 1997; Ohira et al., 1997) . It has alternative mRNAs (2.2±9.5 kb), which may be tissuespeci®c ) and multiple alternative splicing at the 5 H non-coding end. The murine ortholog was isolated to investigate gene expression during development.
The murine KIR4.2 cDNA isolated (1965 bp; EMBL AC:AJ012368) is very similar to the human KIR4.2, including the 5 H non-coding region. The deduced protein sequence of 375 aa is identical to the one identi®ed by Pearson et al. (1999) . The mkir4.2 mRNA pattern on a Northern blot of mouse adult tissues showed variable sizes of mRNAs with the main form at 5.5 kb. Alternative 5 H ends were identi®ed. Therefore, we designed a probe covering the coding part of the murine cDNA, to identify all the transcripts. Mouse embryos were analyzed by in situ hybridization on sagittal sections to determine the temporal and spatial pattern of expression during development from E10.5 to E17.5 p.c.
E10.5
No expression was detected even after a long exposure, in sagittal sections through whole embryos.
E12.5
A restricted expression pattern was observed, with expression only in the region of the developing thymus and thyroid (data not shown).
E14.5
Several tissues of the mouse embryo showed gene expression (Fig. 1A±H) : the heart, the thymus, the thyroid gland, the perichondrium and the epidermis.
In the heart, only speci®c regions on the sides of the valves were labeled. The myocardium was negative (Fig.  1A±D ). In the thymus, only the medulla was labeled (Fig.  1A±D ). The thyroid gland also expressed mkir4.2 (Fig. 1D ). At this stage the lung and the kidney were negative. Various regions of the perichondrium showed expression. These signals were irregular and more intense in the joint. Fig.  1E±H shows these signals at the vertebrocostal junction, the scapulohumeral joint and in the anterior limb.
E17.5
For cryosections, the head and body were dissected. In the head, expression was observed in the maxillar and mandibular regions (Fig. 2A±C ). In the nasal cavity, the olfactory epithelium was strongly positive (Fig. 2C) . The tongue, oropharynx and nasopharynx epithelium, submandibular glands, lacrimal glands, submandibular and sublinguar ducts, teeth primordia, vibrissae and hair follicles also showed some expression.
In the kidney, the developing tubules in the cortex expressed the gene whereas the medulla was negative (Fig. 2D,E) . The body region of the stomach (Fig. 2D,E) showed high levels of expression whereas the cardiac region was negative.
The signal observed in the thymus (Fig. 2F,G ) was still observed in the same structure at a high level. In the heart, the valve sides and lea¯ets were positive (data not shown).
The gene was expressed in the lung alveoli and at a higher level in some of the broncholi (Fig. 2F,G) . In the bladder, the urothelial epithelium and urethra (Fig. 2H) also showed high-level expression. Expression in the limbs (Fig. 2I,J) was restricted to the perichondrium, the ligaments and the tendons. In the heart, the valves showed an increase in expression from day E14.5 to E17.5. Several KIR channels, such as KIR3 and KIR2 family members, have been reported to be expressed in myocytes of the atrium and ventricle (Deal et al., 1996; Nakamura et al., 1999) . The sulfonylurea receptor, which may form a speci®c channel with KIR molecules, is also expressed in the myocardium (HernandezSanchez et al., 1997) . KIR channel expression has not been reported in the valve sides or lea¯ets. The expression of mkir4.2 may contribute to the inward currents of unknown origin that have been recorded after the injection of poly(A 1 ) RNA from E16 mouse fetal heart into Xenopus oocytes (Nakamura et al., 1999) . Very low level of expression was detected on a Northern blot of human adult heart, Fig. 1 . In situ hybridization on E14.5 sections: heart, thymus and thyroid gland. (A) Sense probe, bright ®eld; (B) and (C) antisense probe, bright ®eld; (D) antisense probe, dark ®eld. ao, aorta; av, aortic valve; da, ductus arteriosus; la, left atrium; m, myocardium; pa, pulmonary artery; pv, pulmonary valve; r, rib; ra, right atrium; rv, right ventricle; t, thymus; th, thyroid gland. perichondrium (E) sense probe, dark ®eld; (F) antisense probe, dark ®eld; (G) antisense probe, bright ®eld; (H) antisense probe, dark ®eld. al, anterior limb; h, humerus; lu, lung; mz, mesenchymal zone lining the otic capsule; p, perichondrium; r, rib; s, scapula; v, vertebra. Scale bars: (A,B,D,G,H) 200 mm; (C) 100 mm; (E,F) 1 mm. Sections counterstained with hematoxylin-eosin. and may also correspond to this strictly focused expression (Gosset et al., 1997) .
Expression in the cortical region of the kidney is linked to the convoluted tubules at this stage of development (Kaufman, 1992) .
KIR channel expression has never been described in the perichondrium, particularly at the joints, in ligaments and tendons.
Though expression has been visualized in adult brain (Thiery et al., 1999) , at the stages studied no brain expression was observed.
In conclusion, mkir4.2 is expressed in several epithelia and mesenchyme, and in endocrine glands with a speci®c spatiotemporal pattern during embryogenesis.
Experimental procedures
The murine cDNA was isolated in several steps, starting from a 1272 bp fragment ampli®ed with two human KIR4.2 primers (Gosset et al., 1997 ) from a murine BAC clone isolated with the human cDNA. The 3 H and 5 H ends of the cDNA were isolated using the Marathon ready cDNA from adult kidney (Clontech). The probe used for in situ hybridization contains nucleotides 351±1622.
Cryosections of embryos (E10.5±E17.5 post coõ Ètum) were ®xed in 4% paraformaldehyde for 10 min. Sections were hybridized with sense and antisense riboprobes labeled with 35 SUTP (Peuchmaur et al., 1990) .
